Pituitary adenylate cyclase-activating polypeptide (PACAP) is a regulator of stress response across species. 1 Within limbic brain circuits, PACAP signaling coordinates normal physiological stress reactions. PACAP and corticotrophin-releasing hormone work together in the bed nucleus of the stria terminalis (BNST) to modulate anxiety-like behavior. 1 We have recently shown that PACAP and a single-nucleotide polymorphism (SNP) of its PAC1 receptor (PAC1R) may be critical mediators of response to psychological trauma. We also reported that this PAC1R gene polymorphism is associated with increased dark-enhanced startle (DES) in adult females but not males with posttraumatic stress disorder (PTSD). We believe these sex differences are because of the location of the PAC1R SNP (rs2267735) in an estrogen response element.
2 DES is a known marker of anxiety in adults and children, 3--5 and has been shown to be BNST dependent, indicating the potential role of PACAP in increasing DES. We recently found that children of abused mothers show elevated DES. 6 Using a sample of children of traumatized mothers, we have extended this research by examining effects of the PAC1R polymorphism on the DES response in these previously nongenotyped children. Based on our study with adults, we hypothesized that genotype would interact with sex to increase DES in girls but not boys. However, we found that the same gene polymorphism associated with PTSD risk in adult females is also associated with increased DES in both male and female children.
A total of 50 participants (6--13-year-old children and their mothers) were recruited from the Grady Health System in Atlanta, GA. Exclusion criteria were child autism spectrum disorders, bipolar or psychotic disorders and cognitive disability. Mothers provided informed consent and parental permission; children provided assent.
The mothers were assessed for: (1) history and level of childhood trauma using the Childhood Trauma Questionnaire, 7 (2) PTSD symptoms using the modified PTSD Symptom Scale 8 and (3) depressive symptoms using the Beck Depression Inventory. 9 The mothers also provided trauma history information for the children using the Traumatic Events Screening Inventory. 10 DNA was extracted from saliva in Oragene collection vials (DNA Genotek, ON, Canada) using the DNAdvance kit (Beckman Coulter Genomics, Danvers, MA, USA). The ADCYAP1R1 rs2267735 SNP was genotyped using the Sequenom iPlex chemistries and the MassARRAY system (Sequenom, San Diego, CA, USA). Genotypes passed all quality control measures (assay call rate 99.4%, 9% duplication with 100% concordance). Allele frequencies were similar to comparable ethnic populations (N ¼ 50; 63% (G), 37% (C), Hardy--Weinberg P ¼ 0.10).
As in our previous research, 5, 6 startle data were collected by recording the eyeblink contraction of the Orbicularis oculi muscle (Figure 1a) with Ag/AgCl electrodes placed below the eye using the electromyography module of the Biopac MP150 (Biopac Systems, Aero Camino, CA, USA). A ground electrode was placed on the palm. The startle probe was a 106-dB(A)SPL, 40 ms burst of broadband noise delivered through headphones. Experimental sessions began with a 2-min acclimation period during which no startle probes were delivered, followed by a startle habituation segment, and a DES segment that occurred without interruption. Two blocks of light and dark phases alternated (order counterbalanced) with each phase lasting one minute during which four startle probes were delivered. The four startle trials were averaged within each block and phase.
Of the 50 children (age ¼ 9.92 ± 0.27 years, 94% African American), 19 (12 males) had the CC genotype while 31 (16 males) were G allele carriers of the ADCYAP1R1 rs2267735 SNP (GC, GG). The two genotype groups did not differ in age or race, nor maternal childhood trauma history, nor maternal PTSD or depressive symptoms (P's40.05). A mixed-model analysis of variance was performed comparing startle magnitude with block (1 vs 2) and dark (light vs dark) as within-subjects' factors and sex (male vs female) and genotype (CC vs G-allele carriers) as between-group variables with child demographics, and maternal trauma and psychopathology as covariates. We found significant interaction effects of block Â dark Â genotype on startle magnitude, F(1,37) ¼ 4.95, P ¼ 0.03, and an interaction of block Â dark Â maternal trauma, F(1,37) ¼ 7.33, P ¼ 0.01. The interaction of block Â dark indicated that the effect of darkness was greater in the second block. Using a one-way analysis of variance, we compared DES (measured as the difference in startle during dark vs light phases) during the second block between CC and G-allele carriers and found a significant effect of genotype, F(1,49) ¼ 4.52, P ¼ 0.04; but no effect of sex, F(1,49) ¼ 0.03, P40.1 (Figure 1b ). After controlling for child's age and race, the mother's trauma and symptoms of PTSD and depression, the effect of genotype was strengthened, F(1,37) ¼ 7.39, P ¼ 0.01. Adding the child's trauma exposure to the model as a covariate did not change the significant effect of genotype, F(1,31) ¼ 6.62, P ¼ 0.01.
These results replicate our previous findings of PAC1R genotype effects on DES in a sample of male and female children. However, in adults we found the effects of CC genotype only in women.
2 A limitation of the study is a lack of estrogen assays in the children, especially as the older girls may have elevated estrogen levels with puberty onset. However, these data suggest that genetic vulnerability for anxiety is evident in both males and females during child development, but may only be present in females after adolescence due to changes in the estrogen system, given the effects of estrogen on PAC1R regulation. 1 demonstrated in a neuroimaging study that survivors of the Great East Japan Earthquake who had a smaller anterior cingulate cortex (ACC) volume before the earthquake and survivors with a decreased orbitofrontal cortex (OFC) volume through the earthquake disaster were likely to have symptoms of posttraumatic stress disorder (PTSD). 1 As both the ACC and OFC are involved in the processing of anxiety and fear, such structural changes seem to show some similarity with the findings of epidemiological studies on peritraumatic distress (distress at the time of trauma and immediately thereafter).
Fear memory becomes excessively consolidated 2 in the development of PTSD and is thought to be enhanced by 
